This paper presents an adaptive sliding-mode control algorithm for uncertain nonlinear system. It is very difficult to obtain the exact knowledge and it is required to approximate an unmolded dynamics with a nonlinear component. Therefore, a fuzzy basis function network is applied to approximate the unknown dynamics of nonlinear system. The paper employs a weight factor to adjust the ratio of direct and indirect adaptive fuzzy control, meantime a supervisory controller is introduced and a sliding-mode controller is to ensure optimal tracking performance of the closed-loop system. To prevent the system state variables unpredictable, this paper designs an observer to estimate the unpredictable states. The control structure and learning rules are derived from a Lyapunov theory extension that guarantees both tracking errors and parameter estimate errors in the closed-loop system are bounded. A two-arm robot is simulated to verify the feasibility of the proposed control scheme.
Introduction
The purpose of robot arm control is to maintain the dynamic response of the manipulator in accordance with some pre-specified performance [1] . Although the control problem can be stated in such a simple manner, its solution is complicated for the robot's highly nonlinear dynamics. In general, the control problem consists of obtaining dynamic models of the robotic system and using these models to determine control laws or strategies to achieve the desired system response and performance. Although researchers have proposed many methods, such as the feedback linearization of nonlinear systems, which cancels the nonlinearities of robot manipulators and imposes a desired linear model so that linear control techniques can be applied. However, the method is based on the exact knowledge of robot dynamics. Actually, it is very difficult to obtain the exact knowledge and it is required to approximate an unmodled dynamics with a nonlinear component. Neural networks and fuzzy systems provide good solutions to this challenging task. In this paper, we design an adaptive fuzzy sliding-mode controller for robot manipulators [2] [3] [4] .
It has been proved that fuzzy basis function (FBF) networks can be universal approximators with arbitrarily small errors [5] [6] [7] . Therefore, a fuzzy basis function network is used to approximate and cancel the unknown dynamics of robot manipulators. As in , the control structure and learning rules are derived from a Lyapunov theory extension that guarantee both tracking errors and parameter estimate errors in the closed-loop system are bounded. By taking the uncertainties including approximation errors and external disturbances into consideration, such a technique can reject the effects. 
The tracking error is defined as: (6) i.e. lim ( ) 0 t t   e (7) However, () Fx and () Gx can't be exactly known and the disturbance d is uncertain in the real systems.
Algorithm Structure
It has been proved that FBFN can be universal approximators with arbitrarily small errors [3, 9] , assuming that: , which satisfies the following equation: 
Then . And select prober parameters, and we get the simulation result showed in Fig. 1 . 
Conclusions
In this study, an adaptive sliding-mode control algorithm is proposed to handle uncertain robotic dynamical systems. To prevent the system state variables unpredictable, this paper also designs an observer to estimate the unpredictable states. The control structure and learning rules are derived from a Lyapunov theory extension that guarantee both tracking errors and parameter estimate errors in the closed-loop system are bounded. From the simulation result, it is obvious that the proposed algorithm can achieve good results.
